ABSTRACT. The aim of this study was to select morphoagronomic descriptors to characterize cassava accessions representative of Eastern Brazilian Amazonia. It was characterized 262 accessions using 21 qualitative descriptors. The multiple-correspondence analysis (MCA) technique was applied using the criteria: contribution of the descriptor in the last factorial axis of analysis in successive cycles (SMCA); reverse order of the descriptor's contribution in the last factorial axis of analysis with all descriptors ('O'´p') of Jolliffe's method; mean of the contribution orders of the descriptor in the first three factorial axes in the analysis with all descriptors ('Os') together with ('O'´p'); and order of contribution of weighted mean in the first three factorial axes in the analysis of all descriptors ('Oz'). The dissimilarity coefficient was measured by the method of multicategorical variables. The correlation among the matrix generated with all descriptors and matrices based on each criteria varied (r = 0.21, r = 0.97, r = 0.98, r = 0.13 for SMCA, 'Os', 'Oz' and 'O'´p', respectively). The least informative descriptors were 2 R.S. Silva et al.
INTRODUCTION
Cassava (Manihot esculenta Crantz) is grown and consumed mainly on tropical and subtropical countries (Howeler et al., 2013) . The species is known as an important source of carbohydrate, due to the high content of starch in its tuberous roots (Ceballos et al., 2004) . The extended use of cassava is due to its high genetic diversity, and Brazil is the most probable center of origin and domestication (Olsen, 2004; Léotard et al., 2009 ). The genetic variability of cassava is being maintained in germplasm banks placed on different regions of Brazil (Fukuda et al., 2002) , and conservation and availability of this variability to genetic breeding programs are essential in the development and selection of improved genotypes.
Thus, the organization and maintenance of genetic resources of the species, considering the activities of collecting, characterization and conservation, are essential to sustain the genetic basis of genetic breeding programs. The characterization of accessions is made by using morphological, agronomic, and molecular descriptors. Several studies of genetic characterization of cassava accessions (Cardoso and Farias-Neto, 2003; Siqueira et al., 2010; Vieira et al., 2013) use only part of the available phenotypic descriptors, since the characterization is laborious and time-consuming (Oliveira et al., 2014) . Besides, the use of many descriptors can generate redundant information (Daher et al., 1997) , due to high correlation rates among some traits or low genetic diversity. Thus, some available descriptors can be less informative to discriminate accessions (Alves et al., 2003; Silva et al., 2013; Afonso et al., 2014) .
More reliable and less time and cost-consuming methods to characterize accessions of germplasm banks are important to measure genetic variability and the use of minimal highly informative descriptors can be more adequate (Strapasson et al., 2000; Oliveira et al., 2012 Oliveira et al., , 2014 . The use of multivariate analysis has been efficient, considering the identification of the most informative descriptors and the least relevant, the ones that should be discarded in the analysis of genetic variability. Some efforts to select the most informative descriptors for cassava has been described (Vendramini et al., 2011; Afonso et al., 2014; Oliveira et al., 2014) . However, due to the wide distribution of cassava due to its capacity to adapt to different environments, it is important to evaluate if there are differences among the most informative descriptors to describe samples from different locations.
The aim of this study was to select the most informative morphoagronomical descriptors to characterize and discriminate accessions of the germplasm bank of cassava of Eastern Amazon and to compare the efficiency of adopted criteria to select the descriptors.
MATERIAL AND METHODS
Two hundred and sixty-two accessions of cassava that belong to the Regional Germplasm Bank of Eastern Amazon, situated in Belém, Pará, Brazil, were characterized in distinct years. The accessions are representative of samples realized in areas of family farmers, mostly in states of the North region of Brazil, representing the Eastern Amazon, especially on the State of Pará, followed by samples carried out in the State of Amapá. There are some accessions sampled in states of Western Amazonia: Rondônia and Amazonas; from the Northeast: Bahia, Maranhão, Paraíba, Pernambuco, and Sergipe; from Southeast region: São Paulo; South region: Paraná; and the Federal District.
The accessions are disposed in simple lanes, each with nine plants per accession, plot spacing 1.0 x 1.0 m and they are renewed when they reach 12 to 14 months old. Grown practices followed the recommendations of Souza et al. (2006) . The characterization and evaluation were held on useful plants of each experimental plot after the elimination of borders, considering the mode for 21 morphoagronomic descriptors established for Fukuda and Guevara (1998) (Table 1 ). The characterization of the 262 accessions was used to establish the list of the most informative descriptors. The multiple-correspondence analysis (MCA) technique (Escofier and Pages, 1992 ) was used with the aim to select the minimum descriptors, which is similar to the technique of principal components, but suitable for categorical data. The selection of the most informative descriptors was based on four criteria established by the MCA technique results, according to methodology used by Silva et al. (2013) and Oliveira et al. (2014) and detailed below.
The MCA based on SMCA criteria was carried out in successive cycles of analyses, where the descriptor of the highest contribution in the last factorial axis in the previous analyses was discarded from posterior analyses, and reordination of descriptors was carried out using the greater contribution of the last factorial axis for each analysis. The analysis was initiated with all the descriptors.
The Jolliffe method for the 'O'´p' criterium was established based on the inverse contribution of each descriptor on the 21st factorial axis of the analysis with all the descriptors. The descriptor with the highest contribution in the last factorial axis can be discarded, since the importance of factorial axis decreases from the first to the last one (Jolliffe, 1973) .
The 'Os' criterium was measured using selection based on the mean of the contribution orders of the descriptor on the first three factorial of the analysis with all descriptors, considering the value of 'O'´p', according to the expression: 'Os' = (O1 + O2 + O3 + 'O'´p') / 4.
The selection based on the weighted mean of the contribution orders of the descriptor on the first three factorial axes, with weights (w1 + w2 + w3) corresponded, respectively, to the first three individual eigenvalues, was used to compose the 'Oz' criterium. The analysis was carried out with all the descriptors and it was used the expression: 'Oz' = (w1.O1 + w2.O2 + w3.O3) / (w1 + w2 + w3). All analyses were performed in the SPSS 20.0 software (Fávero et al., 2009) .
The initial list with the most informative descriptors was adopted for 12 descriptors and the efficiency of the selected criteria was evaluated using correlations between the distance matrix generated with all descriptors and matrices generated by each criterium, obtained with the most informative descriptors. Thus, to measure genetic dissimilarities, the qualitative data of 262 accessions were converted to binary data (present = 1; absent = 0) for each phenotypic class of all descriptors according to Cole-Rodgers et al. (1997) . The significance of correlations between matrices of distance was performed by the t-test and the Mantel test with 10,000 permutations (Mantel, 1967) . The GENES 5.1 program was used (Cruz, 2006) .
The final list with the most informative descriptors was not stablished based on one only criterium, but using comparative analysis of at least two criteria, with the adoption of the highest correlation among matrices. It was considered to discard the common descriptors on both methods and the ones that were less informative.
RESULTS AND DISCUSSION
The rankings for the most informative descriptors evaluated for 262 accessions of cassava for the criteria SMCA, 'Os', 'Oz', and 'O'´p' and the respective results are based on MCA and are presented in Table 2 . The contribution on the first three factorial axes considering the analysis with the 21 descriptors showed that 50% of the descriptors with wide contribution were responsible for more than 90% of total variation associated with each factorial axis.
The MCA results with the 21 descriptors are listed in a supplementary table (Table S1 ). Silva et al. (2013) evaluated accessions of Capsicum spp characterized with 56 morphological traits and identified similar results. Oliveira et al. (2014) evaluated 95 accessions of cassava using 48 morphoagronomical traits and observed that 62% of descriptors with wide contribution were responsible for approximately 90% of total variation. The result of the present study can be an indicative of the existence of redundancy among descriptors, and some descriptors may represent the same information about the genetic variation of accessions.
It was observed, considering SMCA criteria and initial analysis with 21 descriptors, that the trait shape of plant was the one that most contributed in the last factorial axis (22.40) ( Table 2 ). In general, it is the least important descriptor for the characterization of accessions, and this result was an indicative that the information associated with shape of plant is connected with other descriptors associated with other factorial axes. In addition, the descriptor shape of plant showed low contributions in the first factorial axes (second and third factorial axes, 15th and 17th positions of contribution for variation, respectively). The ranking of contribution on the three first factorial axes of the complete model is in Table S1 . This result for shape of plant corroborates with the minor importance of the descriptor for total variation. Other descriptors also presented similar results, such as number of leaf lobes, which had the second highest contribution to the last factorial axis, considering SMCA criteria (30.00; Table 2 ) and low contributions in the second and third factorial axes (16th and 14th positions, respectively). The descriptor pubescence on apical leaves presented the fourth highest contribution on the last factorial axis (24.30; Table 2 ), according to SMCA criteria, and low contributions on the first three factorial axes (17th, 21st, and 18th positions, respectively). Afonso et al. (2014) , when evaluated 200 accessions of cassava using morphological descriptors also identified low genetic variability of pubescence on apical leaves. On the other hand, the descriptor color of end branches of adult plant showed the fifth highest contribution in the last factorial axis according to SMCA criteria (20.00; Table 2 ), which indicates a least important contribution for total variation, but, showed higher values ColApLea = color of apical leaves; PuApLea = pubescence on apical leaves; PetCol = petiole color; Flow = flowering; ColStCor = color of stem cortex; ColStEx = color of stem exterior; PrPeRoo = presence of peduncle roots; ExColRoo = external color of storage root; ColRooCor = color of root cortex; ColRooPu = color of root pulp; TexRooEp = texture of root epidermis; ColLeaVe = color of leaf vein; NLeaLo = number of leaf lobes; ColStEp = color of stem epidermis; ColBraAPl = color of end branches of adult plant; BraHab = branching habit; ConsRoo = constriction of root; RooSh = root shape; ShPl = shape of plant; PerEasPel = periderm: ease of peeling; CorEasPel = cortex: ease of peeling. Table 2 . The 12 most informative morphoagronomic descriptors for 262 accessions of cassava (Manihot esculenta) of a germplasm bank in Brazilian Eastern Amazon ranked by: successive multiple-correspondence analysis (SMCA), the Jolliffe method ('O'´p'), average contribution to the first three factorial axes and value of the Jolliffe method ('Os'), and weighted contribution to the first factorial axes ('Oz'). of contributions on the first two and three factorial axes (3rd and 6th positions, respectively). Similar results were obtained for the descriptors: petiole color, which presented high contributions on the second and third factorial axes (6th and 3rd positions, respectively); color of apical leaves, which presented high contribution on the third factorial axis (5th position), and branching habit, which obtained high contributions on the first three factorial axes (6th, 2nd and 2nd, respectively). The 12 most informative descriptors according to SMCA criteria (Table 2) were used to obtain the dissimilarity matrix, which was correlated to the dissimilarity matrix generated with all descriptors. It was verified low significant correlation (P < 0.01) based on the t-test and the Mantel test among matrices (r = 0.21) ( Figure 1A ). This low value of correlation is an indicative of low adjustment among matrices after the removal of less informative descriptors according to SMCA criteria adopted for 21 descriptors. The descriptors root shape, color of apical leaves, constriction of root, color of end branches of adult plant, and color of stem exterior were important for the genetic variation, once they showed relevant contributions on the first factorial axes, which reflected on the results of 'Os' or 'Oz' criteria, or on both (Table 2) .
Considering the contribution of descriptors on the first three factorial axes, using the 'Os' criterium, the descriptors color of root pulp, number of leaf lobes, periderm: ease of peeling, color of stem cortex, presence of peduncle roots, flowering, cortex: ease of peeling, color of stem exterior, and pubescence on apical leaves were considered low informative. The matrix of distance generated with all the descriptors and correlated with the matrix obtained with the most informative descriptors showed a high magnitude correlation (r = 0.97; P < 0.01) according to the t-test and the Mantel test ( Figure 1B) .
The selection of descriptors based on the 'Oz' criterium indicated that periderm: ease of peeling, constriction of root, presence of peduncle roots, number of leaf lobes, color of root cortex, cortex: ease of peeling, shape of plant, flowering, and pubescence on apical leaves were few informative for the discrimination of accessions. It was identified high correlation (r = 0.98; P < 0.01) for the t-test and the Mantel test among the distance matrix generated with all descriptors and among the matrix generated with the descriptors selected based on the 'Oz' criterium ( Figure 1C) . The high values of correlations for both 'Os' and 'Oz' criteria showed a fine adjustment between the matrices, which indicates that the most informative descriptors are capable to discriminate the accessions of cassava.
The 'O'´p' criterium indicated that the descriptors color of root cortex, presence of peduncle roots, color of end branches of adult plant, number of leaf lobes, color of stem exterior, constriction of root, color of apical leaves, petiole color, and shape of plant were the least informative. The correlation value among the distance matrix generated with all descriptors and the matrix generated with the selected descriptors was low, but significant (r = 0.13; P < 0.01) based on the t-test and the Mantel test, which indicated low adjustment among matrices after the removal of the descriptors ( Figure 1D) . Silva et al. (2013) identified high and significant correlations (r = 0.80, r = 0.89 and r = 0.87) among the matrices generated with all descriptors and matrices obtained with descriptors selected based on 'O'´p', 'Os', and 'Oz', respectively, on the evaluation of 893 accessions of Capsicum spp. However, the same authors showed results closer to the ones identified in this study, on the evaluation of 106 accessions of Capsicum baccatum, where correlation values were: r = 0.77 ('O'´p'); r = 0.94 ('Os'), and r = 0.64 ('Oz'). On the other hand, Oliveira et al. (2014) identified medium to high correlations among matrices generated after the selection of descriptors on 95 accessions of cassava: r = 0.83 (SMCA); r = 0.77 ('Os'); r = 0.75 ('Oz'); and r = 0.84 ('O'´p').
Thus, when considering the contribution of descriptors on the first three factorial axes, once the result of correlations among distance matrices based on 'Os' and 'Oz' criteria were high (Figure 1) , there is the possibility to discard the descriptors shape of plant, number of leaf lobes, and pubescence on apical leaves, and select the most important descriptors: color of end branches of adult plant, petiole color, color of apical leaves, and branching habit to study the variability of cassava sampled in the North region.
In general, according to Oliveira et al. (2014) , there is incompatibility on the exclusion of descriptors using the four criteria. In this study, the 'Os' and 'Oz' criteria were used to discard the following descriptors, since they were considered less informative: number of leaf lobes, periderm: ease of peeling, color of stem cortex, presence of peduncle roots, flowering, cortex: ease of peeling and pubescence on apical leaves. The descriptor shape of plant was also considered in the list of discarded descriptors since it showed low importance for variation ( Table 2 ). The decision to consider different criteria instead of discarding descriptors based on only one criterium was adopted by Oliveira et al. (2014) , who discarded 16 of 48 descriptors analyzed for cassava.
The exclusion of descriptors using more than one method was also used in studies with quantitative descriptors. According to Oliveira et al. (2014) , the inconstant decision towards the redundant descriptors is leading authors to adopt more than one method and to consider the Figure 1 . Correlation between the dissimilarity matrices, comparing all the descriptors with those most informative selected by successive multiple-correspondence analysis (SMCA) (A), average contribution to the first three factorial axes and value of the Jolliffe method ('Os') (B), weighted contribution to the first three factorial axes ('Oz') (C), and of the Jolliffe method ('O'´p') (D). **Significant at 1% of probability both by t-and by Mantel tests. consistency of the results among methods in order to choose the most informative descriptors. Afonso et al. (2014) discarded five quantitative descriptors of 16 evaluated, with the use of principal components and the methods of Singh and Jolliffe. Similar results were shown for other cultures, such as Castro et al. (2012) , who evaluated the discrimination capacity and the selection of minimum quantitative descriptors for the characterization and evaluation of passion fruit accessions using principal components techniques. Oliveira et al. (2006) eliminated six of 28 quantitative morphoagronomical descriptors evaluated on 87 progenies of Euterpe oleracea using two procedures based on principal component techniques. According to the authors, the elimination of descriptors did not lead to loss of information. However, Silva et al. (2013) , when evaluated the criteria based on multiple correspondence, chose the final descriptors based on the 'Os' criterium, which presented the highest correlation among matrices.
In addition to it, Afonso et al. (2014) , when evaluated 19 morphological characters for cassava accessions, selected the nine most informative based on entropy level, which included: color of stem exterior, root shape, petiole color, color of apical leaves, shape of central lobule of the leaf, branching habit, color of root cortex, external color of the root, and color of end branches of adult plant. Vendramini et al. (2011) , when evaluated 38 cassava accessions from Mato Grosso, Brazil, using 40 morphological and agronomic descriptors, concluded that there is the possibility to optimize the use of morphoagronomical descriptors with the exclusion of the minimum descriptors described by Fukuda and Guevara (1998) . Among the seven descriptors discarded in this study, four are considered minimum descriptors according to Fukuda and Guevara (1998) classification (Table 1) . The final list with the most informative descriptors for the characterization of cassava sampled in the Eastern Amazon is in Table 3 and contains 13 descriptors, of which seven are minimum descriptors, three are principal, and three are secondary. Oliveira et al. (2014) selected the 32 most informative descriptors to characterize the accessions of cassava, and 14 of these were selected in this study: color of apical leaves, petiole color, color of stem cortex, color of root pulp, flowering, number of leaf lobes, color of end branches of adult plant, constriction of root, color of leaf vein, branching habit, root shape, shape of plant, periderm: ease of peeling, and cortex: ease of peeling. On the other hand, the descriptors: flowering, shape of plant, periderm: ease of peeling, and cortex: ease of peeling were not selected as the most informative in this study. This present study was based mainly on cassava genotypes sampled in the North region, especially in the State of Pará. Perhaps the importance of the descriptors varies according to the nature of the sample, which may be an effect of natural or artificial pressure of selection on some of the traits.
The correlation among the matrix generated with all descriptors and the one obtained with the 13 selected descriptors showed high and significant correlation with both tests: t-and Mantel (r = 0.98; P < 0.01) (Figure 2) , and the most informative descriptors were capable of discriminating the cassava accessions, contributing to evaluate the genetic divergence among them. Besides, the exclusion of 38% of the 21 descriptors represents time and costs saving, in addition to the optimization of the management of cassava germplasm collections in the Amazon region. Silva et al. (2013) discarded 50% of the initial descriptors of Capsicum spp; Oliveira et al. (2012) discarded 25% of the 21 multicategorical descriptors used in the characterization of papaya accessions, and Oliveira et al. (2014) discarded 37% of the initial 51 descriptors of cassava.
It is worth noticing that, when the objective is to select the best accessions for genetic breeding purposes, it is important to evaluate agronomical traits with economic importance. Shape of plant, for example, is a trait that influences the spacing among plants and flowering is also important, since cassava needs to ramify to start flowering. Thus, the selection of the most informative descriptors is important to describe the germplasm and to estimate genetic diversity and it saves time and money when the purpose is to organize germplasm information.
Thus, the list of the most informative qualitative descriptors allows the characterization of cassava accessions conserved on the Germplasm Bank of Eastern Amazon, in order to represent the morphological variation and the characterization of accessions of the germplasm sampled in the Eastern Amazon. Correlation between the dissimilarity matrices, comparing all the descriptors and the final list of the most informative selected. **Significant at 1% of probability both by t-and by Mantel tests.
